Microscopic mites of the genus Demodex live within the hair follicles of mammals and are ubiquitous symbionts of humans, but little molecular work has been done to understand their genetic diversity or transmission. Here we sampled mite DNA from 70 human hosts of diverse geographic ancestries and analyzed 241 sequences from the mitochondrial genome of the species Demodex folliculorum. Phylogenetic analyses recovered multiple deep lineages including a globally distributed lineage common among hosts of European ancestry and three lineages that primarily include hosts of Asian, African, and Latin American ancestry. To a great extent, the ancestral geography of hosts predicted the lineages of mites found on them; 27% of the total molecular variance segregated according to the regional ancestries of hosts. We found that D. folliculorum populations are stable on an individual over the course of years and that some Asian and African American hosts maintain specific mite lineages over the course of years or generations outside their geographic region of birth or ancestry. D. folliculorum haplotypes were much more likely to be shared within families and between spouses than between unrelated individuals, indicating that transmission requires close contact. Dating analyses indicated that D. folliculorum origins may predate modern humans. Overall, D. folliculorum evolution reflects ancient human population divergences, is consistent with an out-of-Africa dispersal hypothesis, and presents an excellent model system for further understanding the history of human movement.
Microscopic mites of the genus Demodex live within the hair follicles of mammals and are ubiquitous symbionts of humans, but little molecular work has been done to understand their genetic diversity or transmission. Here we sampled mite DNA from 70 human hosts of diverse geographic ancestries and analyzed 241 sequences from the mitochondrial genome of the species Demodex folliculorum. Phylogenetic analyses recovered multiple deep lineages including a globally distributed lineage common among hosts of European ancestry and three lineages that primarily include hosts of Asian, African, and Latin American ancestry. To a great extent, the ancestral geography of hosts predicted the lineages of mites found on them; 27% of the total molecular variance segregated according to the regional ancestries of hosts. We found that D. folliculorum populations are stable on an individual over the course of years and that some Asian and African American hosts maintain specific mite lineages over the course of years or generations outside their geographic region of birth or ancestry. D. folliculorum haplotypes were much more likely to be shared within families and between spouses than between unrelated individuals, indicating that transmission requires close contact. Dating analyses indicated that D. folliculorum origins may predate modern humans. Overall, D. folliculorum evolution reflects ancient human population divergences, is consistent with an out-of-Africa dispersal hypothesis, and presents an excellent model system for further understanding the history of human movement.
Demodex | phylogeography | symbiosis | coevolution H uman evolution did not take place in isolation but instead occurred alongside that of many closely associated species. Phylogeographic studies of human-associated species-such as lice and rodents, as well as certain bacteria and viruses-have suggested, eliminated, and confirmed hypotheses about human history (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . For example, these studies have provided details about the timing and nature of the original human migration out of Africa, the spread of humans within and among continents, and the domestication of large vertebrates.
Mites of the genus Demodex live in the hair follicles and sebaceous glands of humans and provide a promising system with which to explore further the details of human evolution. The association between Demodex and Homo sapiens is likely to be an ancient one: The broad distribution of these mites across mammal species (11) , coupled with the ancient date of divergence estimated between the two species known to be found on humans (12) , suggests that Demodex originated and diversified with early mammals. Furthermore, Demodex seem likely to have been carried along whenever their hosts migrated, because they are ubiquitous inhabitants of human skin (13, 14) . Finally, in comparison with the other human associates that have been studied to date, Demodex mites are more tightly associated with human bodies than are lice, while their generation times are slower than those of bacteria and viruses but are faster than those of rodents, making them a complementary system with which to understand the evolution of both humans and human associates.
Two species of Demodex are known to inhabit the skin of humans. Histological studies suggest that each occupies a different niche: Demodex folliculorum resides in the hair follicle and is often found near the skin surface, whereas Demodex brevis is generally found deep in the sebaceous glands (15) . As a result, the frequency of D. folliculorum movement from one host to another may be greater than that of D. brevis. A recent phylogenetic analysis of Demodex, including the two human associates, shows geographically structured genetic variation in D. brevis in which individuals of European descent and those of temperate Asian (Chinese) descent exhibit up to 6% divergence in nuclear ribosomal 18S sequence (14) . In contrast, studies based on 18S rDNA and 16S mtDNA suggest that D. folliculorum exhibits no clear geographic structure among hosts from China, Spain, Brazil, and the United States (14, 16, 17) . However, without additional sampling it is impossible to know whether the absence of apparent geographic structure in D. folliculorum truly reflects high rates of Significance Mites live in human hair follicles and have been implicated in medically important skin disorders, but we know surprisingly little about these residents of our skin. By analyzing the variation segregating among 241 mite sequences isolated from 70 human hosts, we showed that hosts with different regional ancestries harbor distinct lineages of mites and that these associations can persist despite generations spent in a new geographic region. These results suggest that some mite populations are better able to survive and reproduce on hosts from certain geographic regions. Improving our understanding of human follicle mites promises to shed light on human evolution and to provide important contextual information for their role in human health.
global gene flow or instead is an artifact of limited global sampling and the particular genetic loci studied.
Key to understanding the global phylogeography of these mites is an understanding of how they move among hosts. The transfer of mites from mother to progeny and between mating partners has been demonstrated in nonhuman mammals (18) (19) (20) (21) . However, the movement of Demodex among human hosts has not been characterized. If human mites are transferred between hosts at high rates, the resulting high rates of migration could account for the limited geographic structure observed in D. folliculorum to date.
Here we used a 930-bp fragment of the mitochondrial genome to evaluate the genetic diversity and phylogeography of D. folliculorum among 70 human hosts of diverse geographic origins and ancestries. Our samples included people of European, Asian, African, and Latin American descent, the majority of whom currently live in the United States, providing the most broadly sampled evolutionary tree to date for any Demodex species.
Additionally, we investigated Demodex transmission among humans in two ways. First, we sampled multiple mites from a single host individual over the course of 3 y to characterize the diversity and stability of the mite population. Second, we examined the relationships among mites on three sets of parents and their adult progeny; because of the close association among family members, we hypothesized that mite lineages are more likely to be shared within families than between unrelated hosts.
The study of Demodex mites speaks to the story of human evolution as well as the coevolution between symbiont and host. Moreover, understanding these mites and their microbes will have applied value, because they have been linked to skin disorders such as rosacea and blepharitis (22, 23) . Whatever the influence of mites on these disorders may be, it may depend on the mite lineages inhabiting a particular host. Ultimately, elucidating the evolution and transmission of Demodex mites not only will be a useful step toward understanding the evolutionary history of humans but also will be critical to contextualizing their role in human health.
Results and Discussion
Analysis of variation in D. folliculorum mtDNA (241 sequences, 883 bp of overlap), based on mites isolated from 70 human hosts with diverse regional ancestries, revealed high genetic diversity, with four deeply divergent lineages evident in the global phylogeny ( Fig. 1 ; see Figs. S1-S3 for alternative depictions of this phylogeny). When mites were grouped according to host regional ancestry, estimates of both haplotype and nucleotide diversity within each group were high (Table 1 ). Because we would not expect such high levels of diversity to be present if these mites had colonized humans only recently, these results support the hypothesis that D. folliculorum has had a long association with humans. Furthermore, these results suggest that D. folliculorum has not been through a severe population bottleneck in the recent past, despite evidence for a recent bottleneck among human populations (e.g., ref. 24) .
Like other species that have an ancient association with humans (1, 6, 25) , the evolutionary history of D. folliculorum appears to reflect historical patterns of human population divergences. First, a substantial proportion of the molecular variation segregated according to the regional ancestry of the hosts, as can be seen by comparing the frequencies of the four highly divergent clades (A, B, C, and D) among hosts with different regional ancestries (Fig. 2) . Hosts with European ancestry almost exclusively hosted mites from clade D and lacked mites from clades A and B; in contrast, mites from clades A and B were relatively common on hosts with ancestry from Africa, Asia, or Latin America. Overall, ∼27% of the sequence variation in the mtDNA segregated according to host regional ancestry. Analysis of molecular variance (AMOVA) shows that such segregation was extremely unlikely to have occurred by chance (Φ ST = 0.267, P < 0.000001) (Table S1 ). Second, the observed patterns of mite diversity are consistent with an out-of-Africa model of human migration. As predicted by this model, the hosts of African descent harbored a very diverse sample of mite haplotypes, with all four divergent clades represented on only seven sampled hosts (18 sequences). Only a subset of this variation was present on hosts of either Asian or European descent: The former lacked mites from clade C, and the latter lacked mites from clades A and B, as would be expected if only a subset of this variation left Africa during human migrations.
One complexity that is not well accounted for by the out-ofAfrica diversity model is that hosts from Latin America harbored a broad diversity of mites from all four divergent clades (Fig. 2) . However, understanding the origins of D. folliculorum on hosts of Latin American ancestry is complicated by the many recent migrations of people into this region, resulting in a population of mixed African, European, and Native American ancestry (26, 27) . Thus, D. folliculorum in Latin America may be from lineages that were endemic to African, European, or Native American hosts. When considering the ancestral make-up of Latin America, it also is noteworthy that over 10 times more Africans were brought to Brazil than to mainland North America during the slave trade from 1501 to 1866 (TransAtlantic Slave Trade Database; www.slavevoyages.org/; and ref. 26) , so that there was a much larger source of African populations of Demodex in South America. These demographic patterns could explain why such great diversity was represented among mites from only eight Latin American hosts (12 sequences).
Three lines of evidence indicate that mite lineages remain stable on human hosts for long periods of time. First, mite populations appeared to be stable on an individual host over a 3-y period. A single individual of European descent (host 206) was sampled 36 times over the course of 3 y (2007-2009). Among the 36 mites collected from host 206, we found seven haplotypes that clustered into three haplogroups within clade D (Fig. S3) . The same clade D haplotypes were recovered consistently from host 206 each year. An AMOVA on these sequences provided no evidence that molecular variation segregated according to year of mite isolation (Φ ST = 0, P = 0.49) (Table S1 ). These results are consistent with the hypothesis that specific populations of D. folliculorum can persist on an individual host for years.
Second, hosts appeared to retain mite populations for years after moving to new geographic regions. Specifically, some hosts that were born in Asia and subsequently moved to the United States years before sampling nevertheless carried mites from clade B, which was common among mites sampled from Asian hosts but absent among mites sampled from hosts of European descent (Fig. 2) . For example, host 702 was born in Asia but lived in the United States for 8 y before sampling occurred and during this time surely came into frequent contact with individuals of European descent; nevertheless, both mites isolated from this individual fell within clade B, suggesting that this host has retained distinctly Asian mites for 8 y.
Third, and perhaps most interestingly, hosts appeared to retain specific mite lineages for generations after moving to new geographic regions. We observed several examples of African American participants (hosts) whose ancestors have lived in the United States for multiple generations, but they carried mites from clade A, which was isolated only from hosts of African, Asian, and Latin American ancestry (Fig. 2) . Certainly these hosts, and their ancestors, came into frequent contact with individuals of European descent. Given the apparent absence of clade A among individuals of European descent, our data suggest that these African American hosts have retained mite lineages originally inherited from Africa rather than having exchanged mite populations regularly with individuals of European descent.
One hypothesis to explain the persistence of D. folliculorum populations on hosts across years and even across generations is that the mites have extremely low dispersal rates; however, this hypothesis does not explain the observation that individual hosts often harbor diverse populations of mites (Fig. S3 ). An alternative hypothesis, which is perhaps more likely, is that hosts differ in the characteristics of their hair follicles and sebaceous glands, leading to differential fitness of some mite clades relative to others. In this "skin traits" model, the persistence of mite populations on particular hosts is the result of differential survival or reproduction rather than colonization. Human populations do differ in skin hydration, hair follicle density and morphology, and lipid production and composition (28, 29) . Which of these skin attributes is most important to mite fitness is unknown.
The geographically widespread clade D exhibited less phylogenetic resolution and lower average levels of genetic diversity than the other clades (Fig. 1) . Previous results, showing low 18S rDNA sequence divergence among D. folliculorum collected from hosts in China and in the Americas (14) , are consistent with at least one globally widespread clade of D. folliculorum, potentially represented by clade D here (Fig. 2) . The limited phylogenetic resolution and star-like structure of this clade indicates a recent (and sudden) expansion in the population from which these mites were sampled. This inference is supported by the negative and significant Fu's Fs test and a nonsignificant raggedness index (Harpending's r) observed among mites isolated from European hosts, which almost exclusively harbor mites from clade D (Table  1 ). These patterns persist even when samples from hosts of European ancestry are limited to exclude hosts from the same family and to include only one mite per host (F s = −15.97, P = 0.00004; r = 0.008, P = 0.595), so they are unlikely to be an artifact of sampling bias. Indeed, closely related mites from clade D were recovered from hosts of diverse ancestries and from many regions around the world, including Nepal, Australia, Morocco, Peru, and the United States.
A basic question is whether the presence of closely related mites from clade D on a wide diversity of people reflects the ancient distribution of this lineage (with a lack of apparent geographic structure) or occurred more recently with the movement of humans around the globe. One interesting possibility is that this pattern may be the result of rapidly changing human distributions
Mites from clade D also may have less specialized requirements for skin microhabitat than exhibited by mites from other clades. According to this hypothesis, the widespread distribution and rapid spread of clade D is facilitated by its higher rates of survival or reproduction on the hosts it colonizes.
D. folliculorum colonization also was studied by collecting samples of mites from three family groups of European descent; in each case, mother, father, and adult offspring were sampled. Mite haplotypes often were shared among members of the same family (Fig. S3) . Mites sampled from the parents of host 206 (mother 895, father 872) clustered within the same clades as the mites sampled from their offspring and in some cases parents and offspring shared identical haplotypes. Similarly, haplotypes were shared within the other two family units sampled (offspring/ mother/father: 955/879/677 and 841/505/246). Of the nine family members sampled, seven shared haplotypes with other family members. In contrast, we recovered relatively few haplotypes shared outside of family units. Of the 61 unrelated individuals sampled, only 13 shared haplotypes. The sharing of haplotypes by the mother and father and by the parents and their offspring was consistent with the hypothesis that frequent, close physical contact leads to mite transmission. This hypothesis was supported further by an AMOVA based on the mites isolated from hosts within the three families (Fig. S3) , which showed that 20.2% of the molecular variance segregated among families, a result that was unlikely to have occurred by chance (Φ CT = 0.202, P = 0.03) (Table S1 ).
On the other hand, 23.3% of the molecular variance segregated among hosts within each family, a result that also was unlikely to have occurred by chance (AMOVA; Φ SC = 0.292, P < 0.00001) (Table S1 ). Apparently, close physical contact among hosts does not necessarily result in uniform mite populations. This result could be caused by genetic differences among hosts selecting for different mite genotypes; alternatively, it could be caused by differential colonization of each host by mites from elsewhere in the environment, especially given that the offspring in this study were adults and thus likely were exposed to environments increasingly distinct from those of the parents. Studies tracking Demodex populations over years on people who move to new countries or who establish new intimate relationships with partners hosting other D. folliculorum haplotypes will further clarify the conditions under which mites are transferred between hosts.
The transfer of Demodex mites between individuals appears to happen less frequently than the transfer of lice (Pediculus humanus), another human-associated arthropod species, as would be expected considering the more external habitat of lice in comparison with these pore-dwelling mites. D. folliculorum exhibited greater haplotype diversity than P. humanus (30): We recovered 119 haplotypes from only 232 sequences (Table 1) , and only 14 of these haplotypes were shared. With relatively few exceptions, most individuals sampled here hosted mites with unique haplotypes, and the sharing of between hosts occurred much more often within family units.
To understand whether D. folliculorum divergence corresponds to specific events during human evolution, such as ancient migrations, investigation into the divergence dates of different lineages within D. folliculorum is needed. Information required to constrain such an analysis, such as fossil data or rates of molecular evolution for Demodex, are unknown. In lieu of such information, we used a strict clocklike analysis based on a rate of mitochondrial evolution commonly applied to arthropods (31) to estimate the divergence times for the major mitochondrial clades (Table S2) . These results indicated that the major mitochondrial clades diverged in the distant past. For example, we estimated that the time back to the most recent common ancestor of mitochondrial clades A, B, and C is more than 3 Mya, with a 95% highest posterior density (HPD) interval of 2.4-3.8 Mya. This date roughly corresponds with the origin of the genus Homo and is consistent with the emerging picture of D. folliculorum as a species that has a large effective population size and that has been associated with the human lineage for an extremely long period. However, a caveat to these dating results is that D. folliculorum evolution likely does not conform to a standard rate of arthropod evolution. Other parasitic arthropods have been found to exhibit elevated rates of molecular evolution (32) . If such were the case for D. folliculorum, then the actual divergence times between lineages could be much more recent than found here. However, a rate 10 times as fast would still place D. folliculorum lineage divergences more than 200,000 y ago, before the estimated origin of modern H. sapiens. As more molecular markers are sequenced from D. folliculorum, further testing of population divergence times with respect to major events in ancient human history will be compelling. Until then, plausible scenarios indicate that D. folliculorum has been with us since our earliest days.
Overall, our results are reconcilable with a model of mite phylogeography in which D. folliculorum originated with humans in Africa and then diverged among populations of their descendants as they migrated across the globe. In some cases, the association between host regional ancestry and their mite lineages appeared to persist over generations of living in another region of the world. Additional sampling of humans from a variety of biogeographic ancestries will be necessary to unravel the story of D. folliculorum evolution. In particular, more sampling among people from multiple regions in Africa is likely to contribute greatly to our understanding of the history and diversity of D. folliculorum; because nearly all human genetic diversity is found in Africa (33), much of the diversity of human-associated Demodex may be found in Africa as well.
The patterns of divergence we found among Demodex mites associated with human hosts contribute to a growing literature on the phylogeography of human-associated species (1, 7, 10) . Humans have spread around the world, accompanied by microbes and metazoans in and on our bodies as well as the many species associated with human dwellings and agriculture. These organisms are indicative of the human story because their relatively rapid generation times compared with their hosts lead to faster accumulation of mutations and potentially a more detailed molecular recording of human movement. Considering the ancient divergences within D. folliculorum, and the nearly universal presence of Demodex on adult humans, these mites provide an excellent system for studying past and present relationships among human populations.
Materials and Methods
The work presented here represents two sets of data collected independently using complementary methods and then combined to provide a more robust basis for analysis than would be possible by relying on either dataset alone. Methods for the initial biological sample collection and sequence processing were distinct for each dataset before analyses. Sampling and DNA Extractions. Sampling of D. folliculorum was performed by one of two methods. Intact mites were isolated from 31 participants who provided information about their geographic region of birth, regional ancestry, and, in some cases, specified their country of birth (Table S3 ). Mites were collected by drawing the curved end of a bobby pin across the forehead of each participant. We examined the resulting exudates for Demodex mites, finding 179 intact mites from these participants. The mites were washed several times in fresh mineral oil; then the mineral oil was removed by washing 10 times with 100% ethanol before DNA extractions. The ethanol was evaporated by heating for 2 min at 95°C; then the dried mites were suspended in
and were incubated 60 min at 65°C followed by 10 min at 95°C, frozen at −20°C for at least 1 h, and stored at −20°C until used for PCR.
Details about where they had lived and their ancestry were collected from 39 participants (Table S3) ; this information included their ancestral geographic origins, country of birth, current country of residence, and the countries where their parents were born. Rather than isolating individual mites from these participants, we scraped their cheeks and nasolabial folds with metal laboratory spatulas, as described previously (14) . The entire quantity of exuded sebum and associated material (e.g., hair and skin cells) was used for DNA extractions, regardless of the presence of intact mites. For these DNA extractions, we used either a Qiagen DNeasy Blood & Tissue kit or the Omega BioTek E.Z.N.A Tissue DNA kit. The final DNA elutions were performed with 100 μL of elution buffer. The eluted DNA samples were stored at −20°C until later use for PCR. Altogether, 58 DNA sequences were isolated from these 39 participants using these methods.
Mothers, fathers, and adult offspring from three family units of European ancestry were sampled (offspring/mother/father: hosts 895/872/206, 955/879/ 677, and 841/505/246). Two of the adult offspring (hosts 677 and 246) were 22 y old when sampled; the third (host 206) was 44-46 y old (this host was sampled on three successive years, 2007-2009).
Amplification and Sequencing. We designed PCR primers for this study to amplify a 930-bp fragment of the mitochondrial genome spanning most of COIII, all of tRNA-Gly, and the beginning of ND3 based on the sequence determined as part of the complete mitochondrial genome of D. folliculorum (12): CoIII-PF1: 5′-CATGACCCATCATCTCATCCATC-3′ and ND3-PR2: 5′-CGAA-GGGTGAATTTAAGCTGGAAG-3′. We carried out PCRs in 15-μL or 50-μL volumes containing 5-20 ng of template DNA and 0.1 μM of each primer in deionized water. A touchdown PCR cycling program was used, with three cycles each with annealing temperatures of 52°C, 51°C, and 50°C followed by 29 cycles with an annealing temperature of 49°C. The PCR products were purified and sequenced. In many cases in which total sebum, rather than an isolated mite, was used for DNA extractions, the resulting PCR produced overlapping sequencing, indicating the presence of multiple DNA sequences from more than one mite. In these cases the PCR products were cloned using a TOPO TA cloning system (Invitrogen), and several clones were sequenced to isolate distinct sequences from individual mites.
All Demodex sequences were edited, aligned, and trimmed to a common length using Clustal W (34). The alignments were confirmed visually. No indels or frameshift mutations were detected.
Population-Level Analyses. Haplotype (h) and nucleotide (π) diversities were obtained with Arlequin v. 3.5.1. The nucleotide substitution model used to calculate genetic distance was Kimura 2-Parameter + Γ = 0.024, the best-fit model indicated by the corrected Akaike information criterion method in jModelTest 2 v. 2.1.5 (35, 36) .
To investigate whether the genetic variation in Demodex mtDNA was structured according to the geographic origin of human host ancestries, we grouped mite sequences (n = 232) by the self-reported regional ancestry of their human hosts: Europe, Africa, Asia, or Latin America (Table S2 ). We applied an AMOVA based on Φ ST , an analog of Wright's F ST that incorporates a model of sequence evolution (37) . We applied nonparametric procedures to generate a null distribution and to test the significance of the variance components for each hierarchical comparison (10,000 iterations).
To test for the stability of the host-mite association through time, we analyzed sequence data (n = 36) from mites sampled from a single individual (host 206) over the course of three consecutive years (2007) (2008) (2009) ). We estimated Φ ST based on the Tamura and Nei (38) model of evolution, which was the best model of evolution indicated by jModelTest 2 v. 2.1.5 among those implemented in Arlequin. We applied an AMOVA analysis to test the significance of variance components for comparisons among years.
To test whether mites tend to be transmitted from parents to offspring and between spouses, we analyzed mtDNA sequence data obtained from mites sampled on three family units (mother/father/offspring). We estimated Φ ST based on the Tamura and Nei (38) model and applied AMOVA analyses to test the significance of variance components for comparisons among host families and among hosts within families.
To gain insight into the evolutionary history of D. folliculorum, we conducted Fu's F s test (39) for departure from the mutation-drift equilibrium model with Arlequin. Large and negative values of Fu's F s are expected in populations that have experienced recent expansions or selection. We also investigated the historical demography of D. folliculorum by calculating Harpending's raggedness index r (40); nonsignificant raggedness scores suggest recent (and rapid) population expansion.
Phylogenetic Analyses. Phylogenetic analyses were conducted using maximum likelihood (ML) and Bayesian inference. ML analyses were conducted using the GTR-Γ model implemented in RAxML v. 7.2.6 (41), which estimates and optimizes each partition for individual α-shape parameters, general time-reversible (GTR) rates, and empirical base frequencies. ML bootstrap analyses (10,000 replicates) used the same model and search options as above. A posteriori bootstrapping analysis conducted with RAxML's autoMRE tool indicated that trees converged after 1,000 replicates. All analyses were performed on a 280-core Apple Xserve Xeon cluster using the iNquiry bioinformatics cluster tool (version: 2.0, build: 755). Bayesian analysis was done with MrBayes (42) . Analysis was partitioned by codon position (three partitions: pos 1, pos 2, and pos 3) and run with a GTR +I+Γ model. Two independent runs were performed for 10 million generations, each with four chains (three heated and one cold), uninformative priors, and trees sampled at intervals of 1,000 generations. Stationarity was determined by examining the SD of split frequencies between the two runs for convergence. Burn-in fraction was set at 0.25, and remaining trees were used to construct a 50% majority rule consensus tree. To visualize the conflicting phylogenetic signal in our dataset, we constructed a Neighbornet network in Splitstree (43) , with variance set to Ordinary Least Squares.
Clade Divergence Estimates. We used BEAST 1.8.2 (44) to estimate the times of divergence among the four major D. folliculorum mitochondrial clades. We applied a strict clock sampling from a uniform distribution and a Yule process speciation model, a GTR substitution model estimating base frequencies, and a Gamma site heterogeneity model. The molecular evolutionary rate of Demodex is unknown. We chose the rate of 1.1 ± 0.3% per million years based on a rate of mitochondrial evolution commonly applied to arthropods (31) . We performed four independent runs of 250 million generations sampling every 250,000 generations. We removed 10% of the initial samples as our burn-in. The log and tree files from each run were combined using Logcombiner v.1.8.2 for a total of one billion generations. We used Tracer 1.6 (44) to evaluate the BEAST log files to confirm convergence and assess the effective sample size values. Three family groups (here labeled 1, 2, and 3), each including a mother, father, and offspring of European ancestry, were sampled also. Spouses, parents, and offspring share D. folliculorum COIII haplotypes much more often than do unrelated hosts. To test whether genetic variation was structured by the host regional ancestry, mite sequences were divided in four groups: Asia, Africa, Europe, and Latin America. To test the stability of mite-host association over time, samples from a single host were grouped by year of sampling. To test the transmittance of parents to offspring and between spouses, mite sequences were grouped by hosts and by family groups. Φ CT , family variance component relative to total variance; Φ SC , between hosts within family group variance component divided by the sum of itself and within host variance; Φ ST , sum of the variance caused by family group and host within family group divided by the total variance. Estimates of divergence times were generated using a strict molecular clock analysis in Beast, based on an evolutionary rate established for arthropod mitochondrial markers of 1.1 ± 0.3% per million years (31) . The time to the most recent common ancestor for the designated clade(s) is given in millions of years.
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